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必要研究鲁棒不完全微分 PID 控制器。本文的研究内容如下： 
一、介绍了不完全微分 PID 控制器，同时以不完全微分 PID 控制器为基础，
综合遗传算法，对控制器的参数进行优化，设计出了基于遗传算法的鲁棒不完全
微分 PID 控制器，利用优化得到的 PID 控制器参数使系统取得了很好的控制效
果。 
二、利用 youla 参数化理论、Pade 近似、综合运用灵敏度极小化原理设计了
基于 ∞H 的鲁棒不完全微分 PID 控制器，给出了该控制器的参数化表达式，这种
控制器只需要整定一个参数，方便了控制器的整定过程。由于在设计时考虑了系






































PID controller was widely used in the real industrial processes, especially in the 
processing control systems，because of its simplicity, reliability ,easy implement and 
good robustness. But the control object in industrial processing control was often 
time-delaying nonlinear and has a certain degree of uncertainty. In this way, the fixed 
parameters of regular PID controllers can hardly achieve satisfactory control effects. 
Robust PID controller was of great significance for enhancing the endurance of PID 
controller to uncertainty, which was robustness. Complete differential PID was mostly 
adopted in researching of the robust PID control system. As we all knew, the 
differential action of the complete differential PID controller had nearly no effect as 
which last only one period, so that the advance control of error can’t be achieved. At 
the same time, the oversize amplitude of the period would make the computer data 
easily overflowed and even bring adverse effects to the implementation of the system. 
In order to overcome these disadvantages, it is necessary to study Robust Incomplete 
Differential PID controller. The main results are summarized as follows. 
Firstly, incomplete differential PID controller was introduced. On basis of it, 
Genetic algorithm, by which Robust Incomplete Differential PID controller was 
designed, optimized the parameters of the controller which made the system a perfect 
control effect.  
Using the Youla parameterization theory, Pade approximation and sensitivity 
minimization, the ∞H -based robust incomplete differential PID controller, containing 
only one turning parameter which facilitated it’s turning process, were designed and 
the parameter expression were presented. The system based on robust PID controller 
possessed high robustness, as considering the robust of the system while designing. 
Simulation on the industrial process with uncertainty was carried out by using 
the two methods above. The research proved that the robust PID controllers had been 
designed were of high robustness, which met the need of real industry and improved 
the performance of the control system. 
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1.1 PID 控制的发展历程及其问题 
PID 控制是 早发展起来的控制策略之一，它也是控制系统中应用 为广泛
的一种控制规律。PID 控制成为一种理论并在工程上运用， 早是 James Watt 于
1788 年设计的为蒸汽机配备的飞锤调速器，该调速器是第一种具有比例控制功























































1.2 PID 控制器简介 
PID 控制器又叫比例(Proportional)、积分(Integral)、微分(Derivative)控制器，
主要通过整定 P、I、D 这三个控制参数，结合控制偏差 e(t)= r (t)-c(t)，通过对 e(t)
线性组合构成控制量 u(t)，就可以得到很好的控制效果。实践证明 PID 控制有其
本质上的工作稳定、鲁棒性强的优点。 
1.2.1 PID 控制器的基本原理 
























图 1-1 PID 控制框图 
 
在图1-1中，控制采用负反馈控制形式，PID控制器是一种线性控制器，它根
据给定值 )(tr 与实际输出 )(ty 的偏差即： 
)()()( tytrte −=                         (1-1) 
同时将偏差 )(te 的比例（P）、积分（I）、微分（D）通过线性组合构成控制量，


































)()(                  (1-3) 
式中， pK 为比例系数， iT  为积分时间常数， dT 为微分时间常数。 
1.2.2 PID 控制器的作用 
PID控制器中P、I、D三个参数的作用如下： 
(1) 比例环节 
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eKu 000                          (1-4) 










τ                              (1-5) 


















deTKD dpdp                  (1-6) 
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